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SUICUABT 



An Investigation was mads In the LUAL 7- "by 10-foot 
tunnel of three Inset tabs and of one attached tab on the 
beveled aileron of a lov-drae; wing. The effects of gaps 
at the aileron aad the tab noses were determined for the 
three Inset tabsi and the effects of the allnement of the 
top cover plate on the aileron characteristics" were de- 
termined with the tab sealed In the neutral position. 

The results of the testa Indicated that, of the 
arrangements tested, an Inset tab vlth a chord 50 percent 
of the aileron cnord provided the most satisfactory trim- 
ming characteristics ou a beveled aileron. The attached 
tab ap-oearad to be satisfactory as a trimming device; Its 
addition to a beveled aileron, however, would Increase 
the control- operat ing force. Bo appreciable change in 
aileron effectiveness was observed for any of the trimming 
tab arrangements tested. Leakage at the aileron and the 
tab noses decreased the effectiveness of the tab as a 
trimming device, especially for tabs of small chord. 



IBTBODUCTIOB 



Because of the increased importance of obtaining 
adequate lateral control with reasonable control forces 
for high-speed air-planes, the BACA has undertaken an ex- 
tensive Investigation of lateral-control devlcQs. The 
purposes of this program are to determine the character- 
istics of existing lateral-control devices, to determine 
the effects of modifications to existing devices, and to 
develop new devices that show promise of being mor.e 
satisfactory than those now In use. 

Tests of an aileron on a low-drag wing (reference l) 
indicated that thickening and beveling the trailing edge 
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of the aileron would, result In a su'batantlal reduction of 
high- speed control forces. These results agreed with tests 
of conventional sections (references 2 and 3). Tests of 
small-chord tabs on two of the heveled-alleron arrangements 
of reference 1, howeveri gave unsatisfactory results- Tab 
effectiveness varied greatly with aileron profile and the 
variation of aileron hlnga-iaoment coefficient with aileron 
deflection Increased negatively when the tabs were deflectedi 
An airplane with these saall-chord tabs deflected would have 
higher wheel forces than with tabs neutral and would proba- 
bly have unsymmetrlcal wheel-force characteristics for 
right and left roll. 

The present tests were icade to determine the effects 
of tabs with chords 15. 30, and 50 percent of the aileron 
chord on the characteristics of a beveled aileron on the 
tapered low-drag wing of reference 1. 



AF?ji£ATUS AND liXTHODS 
Models 



The wing model, shown In figure li was the same as 
that tested In the luvestltntlon of referonce 1. The test 
panel was a 0.40-8C«tle pTrt lal- sTJaa luodel of a lovr-drag 
wlngi constructed of laminated mahogany. The airfoil sec- 
tion varied from NACA 66. 2-2(13. 716) at the root to 
NACA d6. 2-2(13. 125) near the tip. 

The wing was equipped with a 0.20c aileron which la 
shown In figures 2 to 4. The aileron cross sections are 
the same as for one of the ailerons of reference l. but 
the tip shape and the hinge location have been changed. 
The true traillng-adge profile for this low-drag wing Is 
a cusp. In forming the beveled contour, the original 
aileron was thlciEened linearly and symmetrically from the 
nose arc to the trailing ed^e and the thickness of the 
trailing ed^a was incrsased by 2 percent of the wing chord. 
A portion of the trailing, ei.:se , 30 percent of tbs aileron 
chord, was linearly beveled to the orlgii:al traillng-edge 
thickness and the Juncture bstween the bevel and the aileron 
was rounded with a radius equel to 20 percent of ths wing 
chord. ;?or some of- the tests the aileron was sealed by a 
rubber dam that -oreventcd leakage at the aileron noso but 
did not seal the 0.02-lnch longitudinal gaps at the ends 
of the aileron. 



The 0.20o aileron me tested with three Inaet trimming tabe 
and with one attached metal tab. Details of the three Inset tabs 
are shown In figures 2 to 2;; of the attached tab. In figure I|.> 
BB.oh Inset tab was oonstruoted with a gap of 0.002o between the oover 
plates and the tab nose. For the sealed obndltlons. the gap was 
covered with "Scotch" cellulose tape. 

The allnement of the top oover plate was altered by rotating 
the oover plate about its leading edge until the gap at Its trailing 
edge was of the specified sise. The position of the leading edge of 
the oover plate is shown in figure 2, 

Geometric char acterl sties of the full-slse low-drag wing and 
the O.ZjO-soale model of the wlug and of the panel tested are presented 
in table I. 



Test Installation 

Details of the test installatloii are shown schematically In 
figure 3* ^c model t>as mounted horizontally in the UIAL 7- ^ 
10-foot tunmel (reference U) with the inboard end of the model 
adjacent to but not in oonbact with the wall of the tunnel, the 
wall thereby acting as a reflection plane. The model was supported 
entirely by the balance frame in order that all the foroes and 
moments acting upon it could be measured. Provision was made for 
changing the angle of attack of the model while the tunnel was in 
oneratioB • 

The aileron was manually deflected through a calibrated torque 
rod and linkage system and the hinge moments were determined from 
the twist of bhe rod as described in reference 1. 



Test Conditions 

All tests were made at a dynaalo Tiressure of 16.37 pounds per 
square foot, which corresponds to a velocity of approximately 80 miles 
x>er hour. The test P.eynolds number, based on the mean chord of a 
oomolete O.iiO-scale model (3.21 ft), was about 2,350,000. The 
effective Reynolds number of the tests was about 3,7^0,000 because 
of the turbulence factor of 1.6 for the UIAL 7- by 10-foot tunnel. 
The present tests were made at low soale, low velocity, and high 
turbulence relative to the flight conditions to which the results will 
generally be applied. In the present investigation the effects of 
these variables were not determined or estimated, but some work 
toward their determination is now in progress. Subsequent tests 
(as yet unpublished) of a similar aileron arrangement on a modern 
flgbter airplane, incidentally, gave results essentially in agreement 
with the results presented herein. 



RESULTS iUID Discussioir 
Coefficient 8 and Correetions 

The symbols used In the presentation of the results 

are I 

Cl lift ooefflcient (l/qS*) 

Oj) drag ooefflclent (D/qS») 

Cj* rollinp-mcmeut ooeffiolont (L*/qbS) 

Cj^ aileron hinge-moment ootfflolent {"B/qSgfia.) 

L twice lift of test panel 

0 twioe drag of test T>anel 

L* rolling motneQt about wind axis in plane of symmetry 
of comclete ihing due to aileron deflectloc 

H aileron hln^ moment 

o wing ohord 

Og^ aileron ohord rearward of hiajre axis (measured 
perpesdieuler to hinge axis) 

root-mean- square ohord of aileron ^measured perpen- 
dicular to hinge axis) 

b span of comolete wing • 

S area of comrlete v.-lng 

8' twice arec. of test panel 

Sg^ area of ens ail-jrcn rearward of hinge axis 

a r/.igl3 cii RTtfeok of Tiling 

6a, Ril«»\na utjfleot rcc frcm neutral; positive Tihen trall- 

6^ teb cii^fi'-aiLlon relatdve to aileron; positive when 
Iv-aiiing edge is down 

q dynamio oreasure of air- stream, unoorreoted for block- 
ing (^V«) 



5 



A positive value of or Cj* oorrespands to em Inorease In 

lift of the model. The angle of attaok, the drag ooefflalent, and the 
rolling-moment ooefflolent have been oorreoted for the effeota of the 
Jet boundarlea and to the aspeot ratio and the taper ratio of the 

LTk oomplete wing as was done in reference !• Iha hlnge-iaoment oorreotlon 

fras estimated to be saall and was not applied* Bone of the results 

»-) vere oorreoted for the effects of the support strut, the gap between 

the model and the wall, leakage, through the wall around the support 
tube« and the boundary layer at the wall. 



Bf foots of Alinement of Top Cover Plate 

The effect of the allnement of the top oover plate on the lift, 
the drag, and the hinge-moment ooeffioients of the model with aileron 
neutral is shovkn in figure 6] on the rolling- and the hinge-moment 
ooeffioients with aileron deflected, in figure 7« Although the 
variation of the oover-plate alinement lias a fairly large effect upon 
the aileron hinge-moment coefficient at aileron deflections between 'If? 
and 1S°, the effeot is small outside of this range and may even 
reverse. An outward deflection of the cover nlate - that is, an 
increase of the gap - resulted in a oonsid'trable loss of rolllng- 
moiDent effectiveness of the downgoln? aileron. The effeots of varying 
the alinemeat of the too cover plate -were greater for the unsealed 
thai) for the sealed aileron, but, in neither condition, does variation 
of cover-plate aliuemont appear to offer a very pram-islng means of 
trimming. 

In agreement with the resixLts of referenoe 1, the xiresent teats 
showed that a gap at the aileron hjnge reduced appreciably the rolling- 
moment ef feotivenRSB of the aileron and tended to cause overbalance 
at small deflections. The marked changes in hinge moments resulting 
from the effeot of a small gap indicate the neoesslty for careful 
detail design in any praotloal application of this type of aileron. 
Attention is also called to the discontinuity in hinge moments at 
angles of attack between 0° and 2°, as shown on the curves of 
against a. 



Tab Character istlos 

Rolliiig-mciaent data are not presented beoause deflection of the tabs 
had no arpreoiable effeot on the increment of rolling-moment coefficient 
tliat resulted from a given aileron deflection. During all the tab 
testa, the allnement of the top cover plate was adjusted to give a gap . 
of 0.002c; the lift, the drag, and the rolling-moment oharaoteri sties 
of the model 'Aith tabs sealed in the neutral position were as given in 
figures 6 and 7. Unsealing the tabs had no practical effeot on these 
characteristics. Tfthen the tabs were deflected, the resulting curves of 
rolling-moment ooefflolent oflalzist aileron deflection were raised oi" 
lowered relative to the tab-neutral ourve by approximately the amount 
indicated in the following tablet 
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Tab 



O.l^Oa by 0.30bB. 



0.00008 



0.300^ by O.SOb^ 
O.SOoa ^ O.SOb^ 



•00010 



.00012 



Th6 0.13ca by 0.30ba tab.- The hlngemcment oharaoter- 

iatios of the aileron with the 0.15oa tab (fig. 2) are 
t'nama in figures 8 to 11. IrPlth the tab and the aileron 
gaps sealed (fig* 8^, the Inoremeiits - of clue to tab 

defleotloD are reasonably eonstant at high angle of attack 
but not at lotr anf^le cf attack. The inoreaients of Cj^. 
at a ■ 1.0°, generally are a mininum near the neuti^l 
position of the aileron, »h5eh la the region of most iai- 
portanoe for trimming. Siith the tab defleoted, moreover, 
the variation of aileron hinge-moment ooeffioient with 
ajleron defleotion becomea more negative, a chcuige that 
would inoreasftthe control forces. Because the gaps at the 
aileron and the tab aoscb were found to emxihaaize thoae 
objectionable character i sties, ccmplete hinge-moment data 
were not obtained for the other gap conditions (figs. 9 
11). The O.lSca tab is considered unsatisfactory as a 
trioming doTice but shows some promise for use as a balanc- 
ing tab. 

The O.JOoa by 0.23ba tab.- The hinge-moment character- ■ 

istios of the O.JOoa tab (fig. 3) are shown in figures 12 
to 1^. r/ith aileron and tab piaps sealed (fig. 12), the 
0.3005^ tab appears more suitable for trimming than the 0.150a. 
tab with gaps sealed (fig. 6). Unsealing the gaps, partic- 
ularly the tab gap, is again ahonm to be detrimental to the 
tab as a trimming device. 

The hinge-mcoent characteriptios of the aileron with 
tab neutral are not Identical for the several inset-tab 
installations. Some variation might be expected when the 
tab gaos are unsealed, but the variations observed when 
the tab gars were sealed are thought to have been the 
result of errors in the construction of the model or of 
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errors In the determination of the hinge momentst In eom- 
paring tah characterlatlcB i a comparison of the Inorements 
of Ch due to tah- def leot Ion rather, than of total 
Is thought advlaahle. ■ 

T he O. SOca "by 0.80^^ tab. - Of the three inset tahs 
tested, the O.SOoa tab Tflg* 4) appeared to have the best 
characteristics for trlBuaing. (See figs* 16 to 19.) 
Although aileron and tab gaps had a detrimental effect on 
the tab characterlst icsi this effect was not so pronounced 
for the O.SOca tab as for the tabs with smaller chords; 
the 0.60ca tab is thought to be acceptable for trimming 
with any of the gap conditions tested. Although better 
for trimming than tha tabs with smaller chordsi the O.SOca 
tab may not be better for balancing because it is likely 
to produce a greater loss of maximum rolling-moment coef- 
ficient for a given reduction of control force. 

Th e 0 .0 84e' a O-l^Sba attache d tab .- The effects of 
a 0.084ca attached tab (fig. 4) on the hinge-moment chsrac- 
teristlcs of the aileron are presented in fifeuro 20. This 
tab was effective as a trimmine; device and showed little 
tendency to change the value of dC^/dSg^ as it was de- 
flected. The addition of this tab to the aileron, however, 
increased the increment of hinge-moment coefficient between 
6g^ = 15° and 6^ = -15** by about 25 percent relative to 
the corresponding Increment for the inset tabs. 



COVGLUSIOKS 



The results of the tests of three inset tabs and one 
attached tab on the beveled aileron of a low-drag wing in- 
dicated that, for the arrangements tested, the following 
conclusions may be drawn: 

1. Of the inset tabs tested, the tab with a chord 

50 percent of the aileron chord had the best characteristics 
for trimming. Its characteristics were the least affected 
by gaps and are thought to be satisfactory for trimming with 
any of the gap conditions tested. 

2. The attached tab appeared to be satisfactory as a 
trimming device; its addition to a beveled aileron, however, 
would Increase the control-operating force. 
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3« Vo appreolable change 1q aileron effeotlTeneas re- 
aulted from deflection of the tabs as trlmiilng derloea* 

h» Gaps at the leading edges of the tabs or ailerons 
were detrimental to tab oharaoterlatlos for trimming* 
eapeoially for tabs of small ohord> 

5* The Bmall-ohord inset tabs showed promise as linked 
balanolng tabs. Gaps did not appear to be so detrimental 
to the tabs for balauolng as for ■ trimming. 



Langley Memorial Aeronautioal laboratory, 

National Advisory Committee for AsrooautioSf 
langley Fleldt Va. 



HEPESE>TCES 



1. Varaer, Paul E., and KcKee, John IT.: TTlnd-Tunnel 

lorestigatlon of a Plain Aileron with Thiokened azid 
Beveled Trailing Edges on a Tapered Low-Drag Hing. 
SA'TA A.C.R., Jan. 19h3» 

S« Jones, Robert T. , and Ames, Milton B., Jr.: Wind- 

Tnnnel Investigation of Control-Surface Charaoterls- 
tlos. 7 - The Use of a Beveled Trailing Edge to 
Reduce the Hinge lioment of a Control Surface. NACA 
A.R.E., ISarch 19lt2. 

3* Rogallo, F. M., and Purser, Paul E.i Vlnd-Tunnel 
Investigation of a ^lain Aileroa with Various 
Tralllng-Hkige liodiflcations on a Tapered Wing. 
II - Ailerons with Thickened and Beveled Tlralling 
Bdges. VACA A.S.R., Oct. 19lt2. 

U.» Ifenzinger, Carl J., and Barrls, Thomas A. i Wlnd-Tunnel 
Investigation of an N.A.C.A. 2^012 Airfoil with 
Various Arrangements of Slotted Flaps. Hen. No. 66^, 
HACA, 1959. 



I 



TABLE I. - 6E0HETRIC CFARACT^HISTICS OF LCMF-DnAG VTSQ Am OF 
O.liO- SCALE IfODEL OF WING ASD TEST PABSL 

I 





Wing 
area 


Area of 
■ test panel 
(sq ft) 


Wing 
span 
(in.) 


Root 

chord 

(in.) 


Tip 
ohord 
(in.) 


U.A.C. 

(in.) 


Aspeot 
ratio 


Full slzs 




116.6 


660 


12&.00 


^.85 


96.33 


7.5 . 


O.ljC-Bcale 
model 


66.2U 


16.98 




51.20 


21.5k 


38-53 


7.3 


O.l40-8oale 
model of 
teet panel 




18.98 




Ui.33 


21.5U 

















Aileron 
root-ffsan- 

ohord 
(in.) 


Area of one 
aileron 
( sq in.) 


Aileron 
chord, 

inboard 
end 
(in.) 


Aileron 
chord, 

outboard 
end 
(in.) 


Airfoil 
saotioa 
at sta- 
tion 110 
(model 
station, 
0) 


Airfoil 
seotion 
at sta- 
tion 3O8 
(model 
station, 
79.2) 


Full sise 


IU.80 


2100 


17.78 


11.60 


SAC A 66,2- 
2(13.716) 


HACA 66,2- 

2(13.125) 


0.i(D-8cale 
model 


5.92 


336 


7.11 




BACA 66,2- 
2(13.716) 


S&CA 66,2- 
2(13.125) 


ClfO-soale 
model of 
test pemel 


5.92 


336 


7.11 




H&GA 66,2- 
2(13.716) 


HAGA 66,2- 
2(13.125) 




Fig. 1 



Test panel 



71gare 1.- Plonform of 0.40-Bcale model of wing panel tested and of com- 
plete wing for which cbaracterlatlcB are given. All limenBlons 
given in inches. 
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Rubber dam inatal/ed 
when aileron sealed 



Tab gaps covered wiih Scotch 
cellulose tape when sealed 
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SECTION A-A 

Figure 2.- Beveled aileron with 0.15 Oa by 0.30 ba trimming tab. 
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Figure 3-' Beveled aaleran with 030ca by 0.20 ba trimming tab. 
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Attached tab .084^ by 
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Rubber dam installed 
when Qi'leron sealed 



Tab gaps covered v/ith "Scotch 
cellulose tape when sealed 
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SECTION A-A 
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Figure 4r*6w«l»d aileron with O-SO-c.^ by 0.20 ba trimming tab and O.0BACh by 0.126 ba attached tab. 
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(a) Aileron gap sealed, 
ngure 6.- The effect of alinement of top cover plate on the characteristics 
of the mode/ with aileron and tab neutra/. Tab gap sealed. 




Figure. 6.- Concluded. 
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Rolling-moment coefficiem, Hinge-moment coefficient, Cy^ 





(b) Aileron gapj 0.002c . 

F/gure 7- Concluded. 
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NACA Fig. 8c 
(Iblock = Ky40") 
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Aileron deflect ioj)^ bou, (Leg 
Figure Sr Concluded. 
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Figure 9.- Hinge-moment characteristics of aileron with O.I5 Ca by 
0.300a tab. Aileron gap sealed; tab gap, O-OOZc. 
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Figure lOr Hinge-moment choracteristics of ai/eron with OIScq by 
030ha tab. Aileron gopj O.OOZc; tab gap sea/ed. 
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Aileron def/eotiov, 6a,, deg 

Figure II.- Hinge-moment choract&r/st/cs of aileron with QI5Cn by 
0.30%, tab. Aileron gap, aooZcj tab gap, O.OOZc. 
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Figur& /3 - Hinge-moment characteristics of aileron with 0.30Ca by 
O.S.(Jba tab. Aileron gap sealed; tab gap, O.OOZc. 
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Figure I4 ~ Hinge-moment chorocteristics of aileron with 0.30Ca by 
QZOOa tab. Aileron gap, QOOZc; tab gap sealed. 
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Fig. 15 
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Figure 15.- Hinge-mom^t characteristics of aileron witii aaOca by 
O^ODa tab. Aiferon gap, OO02c; tab gap, aoozc. 
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Figure 16 rHinge-momeni cho racier i^tics of oUeron w/ih &30c^jby o.£OS^ 
tab. Aileron and iai) gaps seoled. 
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